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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multi-layer hard coating film excellent in adhesion 
between a coating film and a base material and wear resistance even for a wear resistant 
multi-layer hard coating film formed to a tool base material surface. 
SOLUTION: In the wear resistant multi-layer type hard coating film formed to a tool base 
material surface, coating films made of a chemical composition shown with two kinds of TiAIN 
of a low hardness and high hardness are alternately laminated, a low hardness TiAIN layer 
has a chemical composition shown by 0.1<x<0.4 in Ti1-xAlxN, a high hardness TiAIN layer 
has a chemical composition shown by 0.4<x<0.75 in Ti1-xAlxN. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to abrasion resistance multilayer mold hard-anodic- 
oxidation-coatings structure useful as a surface coating material of the machining tool used for 
processing of milling, cutting, piercing, etc. 
[0002] 

[Description of the Prior Art] When manufacturing high speed tool steel, cemented carbide tool steel, 
etc., it is the purpose which should be more excellent in engine performance, such as abrasion resistance, 
and forming in the front face of a tool base material the abrasion resistance coat which consists of 
nitrides and carbide, such as Ti, is performed. As an approach of forming an abrasion resistance coat in a 
base material front face, a CVD method (chemical vapor deposition) and PVD (physical vapor 
deposition) are known conventionally. However, by the former approach, since a base material is put to 
high temperature processing, there is a possibility that a base material property may deteriorate, and in 
the case of the tool by which importance is attached also to a base material property, the latter approach 
tends to be liked. The high frequency discharge plasma-CVD method which can carry out coating 
processing by the low temperature service comparatively, the reactant ion plating method, the sputtering 
method, etc. have come [ then, ] to be adopted. 

[0003] As abrasion resistance coats, such as a tool, TiN and TiC by the ion plating method are used 
widely, and the outstanding TiN film of especially elevated-temperature oxidation resistance (thermal 
resistance) is put in practical use widely. That is, since TiN excels TiC in thermal resistance, it 
demonstrates the function to protect the tool rake face which carries out a temperature up with the 
temperature increase by plastic working and the frictional heat at the time of cutting from crater wear. 
However, since TiN is a low degree of hardness compared with TiC, to the flank wear generated in the 
flank which touches **-ed material, rather, it is brittle and the direction of TiC shows high endurance to 
flank wear. 

[0004] Much more improvement in the speed of cutting speed is demanded, and since it is in the 
inclination which cutting conditions make severe more, it is impossible in recent years, to be able to 
finish responding to this request in conventional TiN coat extent which was described above. Then, as a 
coat in which thermal resistance and a degree of hardness were further excellent, coats, such as TiAIN 
by the ion plating method or the sputtering method, TiAlC, or TiAlCN, were proposed (JP,62-56565,A). 

[0005] Since the above-mentioned PVD is the low-temperature coat method for having used the energy 
of ion, between a base material front face and a coat, the diffusion layer by heat which was seen in the 
CVD method does not exist. Therefore, as for the coat formed of PVD, it is common that adhesion is 
inferior compared with the coat formed by the CVD method. On the other hand, although the inclination 
which thick-film-izes a coat is recently seen from a viewpoint of improving abrasion resistance and 
planning life extension, the internal stress of a coat increases as it thick-film-izes, and a crack occurs in a 
coat, or film adhesion falls and it becomes the cause of coat exfoliation. In addition, although it is as 
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having mentioned above that the system (N (aluminum, Ti), C) coat is proposed as a high abrasion 
resistance coat which can be replaced with a TiN coat, since internal stress becomes high more than 
twice compared with a TiN coat, these coats form the thickness thinnest possible than the case where a 
TiN coat is formed, and are used. An improvement of a coat formation technique which can fully 
demonstrate the property which was [ coat / system J especially (aluminum, Ti) (N, C) excellent from 
such a thing was desired. 

[0006] Then, while being able to produce the film by the low temperature service comparatively paying 
attention to such a situation, the abrasion resistance multilayer mold hard anodic oxidation coatings 
which were excellent in adhesion or film reinforcement and were moreover excellent in the drag force to 
crater wear or flank wear were offered (JP,6-1365 14,A). The coat layer which consists of chemical 
composition this coat configuration is indicated to be by TiCx N 1-x (however, 0<=x<=0.6), The coat 
layer which consists of chemical composition shown adjoins by turns. (Aly Til-y) (Nz Cl-z) (however, 
0.56<=y<=0.75, 0.6<=z<=l) A four or more layer laminating is carried out, and it is formed in the tool 
base material front face all whose coat thickness is 0.6-12 micrometers. 

[0007] The above-mentioned abrasion resistance hard anodic oxidation coatings did not have enough 
abrasion resistance by the following reasons. Namely, in a laminating with TiN (in the case of x= 0), the 
degree of hardness of a TiN layer and oxidation resistance run short. (Nz C(Aly Til-y)l-z) In the 
laminating with TiCx N 1-x (0<=x<=0.6), since a degree of hardness was high, both carried out the 
knowledge of being because adhesion with a base material and the adhesion between two kinds of layers 
running short (Nz C( Aly Ti 1 -y ) 1 -z). 
[0008] 

[Problem(s) to be Solved by the Invention] While this invention solves the above-mentioned trouble and 
excelling in the adhesion of a coat and a base material, it aims at offering the multilayer mold hard 
anodic oxidation coatings which were further excellent in abrasion resistance. 
[0009] 

[Means for Solving the Problem] Invention which could attain the above-mentioned purpose is abrasion 
resistance multilayer mold hard anodic oxidation coatings formed in a tool base material front face. The 
coat which consists of chemical composition shown by two kinds of TiAlN(s), a low degree of hardness 
and a high degree of hardness, adjoins by turns, and a laminating is carried out (claim 1). Said TiAIN 
layer of a low degree of hardness consists of chemical composition shown by Til-x Alx N 0. K=x<=0.4. 
It is what the TiAIN layer of a high degree of hardness becomes from the chemical composition shown 
by Til-x Alx N 0.4< x<=0.75 (claim 2). Said TiAIN layer of a low degree of hardness is formed under 
the conditions of substrate bias voltage- 1 0-3 0V at the time of coating. It is the thing which it comes to 
form under the conditions whose TiAIN layer of a high degree of hardness is substrate bias voltage-50- 
150V (claim 3). They are the abrasion resistance multilayer mold hard anodic oxidation coatings said 
whose unit coat number of layers by which a laminating is carried out is ten or more layers and whose 
thickness ratios, of said low degree-of-hardness layer and a high degree-of-hardness layer are 5: 1 - 1 : 10 
further (claim 4) (claim 5). 

[0010] This invention dares insert small, a low degree of hardness, i.e., the internal stress of a coat, 
TiAIN into the TiAIN coat which shows a high degree of hardness very much, it is considering as a 
laminated structure, the internal stress as the whole coat is eased, and the adhesion of a coat and a base 
material is improved. Moreover, although the abrasion resistance improvement effect by the propagation 
being controlled is acquired by the coat layer which the crack generated on the coat surface like the 
conventional technique by considering as a laminated structure adjoins, since the coat which carries out 
especially a laminating consists of the same element configuration shown by TiAIN, it excels also in the 
adhesion between laminating coats very much, and the coat exfoliation between layers decreases. 
[001 1] Incidentally, TiAIN shows a high degree of hardness compared with TiN, and, generally a degree 
of hardness rises according to the increment in aluminum ratio. Then, compared with the TiAIN layer 
usually created, the TiAIN layer of the low degree of hardness in considering as a low aluminum 
presentation is formed. In order to demonstrate the effectiveness, of this invention, it is desirable to be 
0.1<=x<=0.4 and to be more preferably referred to as 0.2<=x<=0.3 in Til-x Alx N, as an aluminum 
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presentation of a low degree-of-hardness TiAIN layer. The effectiveness of aluminum addition is not 
acquired, and a degree of hardness becomes high too much in x> 0.4, and it stops acting as a low degree- 
of-hardness layer in x< 0. 1 . 

[0012] Next, what is shown by Til-x Alx N 0.4< x<=0.75 is required for the TiAIN layer of a high 
degree of hardness, and it is desirable to be more preferably referred to as 0.6<=x<=0.65. In x<=0.4, as a 
result of not acting as a high degree-of-hardness layer and a coat layer presentation approximating x> 
0.75 to A1N, sufficient degree of hardness is no longer obtained. Moreover, a structure part injury of the 
TiAIN layer of a low degree of hardness and a high degree of hardness is possible for the degree of 
hardness of the TiAIN film generally formed of ion plating or a spatter by knowing being influenced 
greatly and controlling bias voltage by substrate bias voltage at the time of coating. 
[0013] As formation conditions for a low degree-of-hardness TiAIN layer, bias voltage (Vb) is suitable 
for -30 V<=Vb<=-10V, and it is desirable to be more preferably referred to as -20 V<=Vb<=-10V. The 
electrical-potential -difference impression stabilized in order to stop acting as a low degree-of-hardness 
layer and to approach the plasma potential of the arc discharge plasma in the case of Vb>-10V is 
difficult, and on the 0V bias, since the effectiveness of ion plating is not acquired, the property of a coat 
gets worse Vb<-30V. 

[0014] Moreover, -100 V<=Vb<=-50 are more preferably [ suitably / making bias voltage into the range 
of -150 V<=Vb<=-50V / as formation conditions for a high degree-of-hardness TiAIN layer, and ] 
desirable. It stops acting as a high degree-of-hardness layer, and a degree-of-hardness fall takes place 
again, and Vb<-150V stop acting as a high degree-of-hardness layer in Vb>-50V. In addition, although 
bias voltage was changed to discontinuity at this example by the 1st layer (low degree-of-hardness layer) 
which carries out a laminating, and the 2nd layer (high degree-of-hardness layer), it is also possible to 
change gradually change of the bias voltage between the 1st layer and the 2nd layer by the time amount 
which has attached inclination. 

[00 1 5] Next, although the unit coat number of layers by which a laminating is carried out is ten or more 
layers, it is 20 or more layers more preferably, and a good property is not acquired by less than ten 
layers in this case. As for the thickness ratio (thickness ratio) of a low degree-of-hardness layer and a 
high degree-of-hardness layer, in this invention, 5:1-1:10 (preferably 2:1-1:5) are desirable. If it 
separates from 5:1 and the ratio of a low degree-of-hardness layer becomes high, the whole degree of 
hardness will fall and abrasion resistance will fall. Moreover, if the ratio of a high degree-of-hardness 
layer becomes high exceeding 1:10, the whole degree of hardness will become high too much, and the 
adhesion of a coat will fall. 
[0016] 
[Example] 

The target and Ti0.5 aluminumO.5 of a presentation of Til-x Alx (0. l<=x<=0.4) in at least two arc 
evaporation sources which were attached in the location which countered with the <example 1> cathode 
arc method ion plating system on both sides of the substrate table in which self-revolution is possible 
The target of a presentation was incorporated and coating to an end mill (phi 10) steel [ high-speed ] was 
carried out. 

[0017] In forming the multilayer mold hard anodic oxidation coatings of this invention, a substrate is 
first heated for the vacuum chamber of equipment at a heater after evacuation to 5x10 to 5 or less Torrs. 
Then, arc discharge is generated in a gas-less ambient atmosphere or Ar gas ambient atmosphere, and 
spatter cleaning of the substrate by metal ion is performed, the time of cleaning - Til-x Alx 
(0. l<=x<=0.4) and Ti0.5 aluminum0.5 one of the targets - one of the two or both - coincidence may be 
made to discharge After cleaning termination and the inside of a chamber are made into nitrogen-gas- 
atmosphere mind, and they are Til-x Alx (0.1<=x<=0.4) and Ti0.5 aluminum0.5. Arc discharge is 
started to coincidence with both targets. The typical conditions at the time of coating are as follows 
[0018] 

A <coating condition> and nitrogen-gas-pressure force: 2 - 4xlO-2Torr (2xlO-2Torr - experiment 
conditions) 

- Arc current : 80-200A (100A - experiment conditions) 
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- Bias voltage : -40- 150V (-50V experiment conditions) 

- Thickness : 2.5-3.0 micrometers (an example is also this range extent and they are those with 
dispersion) 

If the target with which presentations differ is made to discharge to coincidence under the above- 
mentioned gas pressure conditions, rotating a substrate table, the TiAIN film of a presentation according 
to a target presentation will be formed ahead [ each / target ], and the multilayer mold hard anodic 
oxidation coatings to which the laminating of two kinds of TiAIN film with which presentations differ 
as a result was carried out by turns will be formed. The thickness of each class can be adjusted by 
changing the rotational frequency of a rotation substrate electrode holder, or adjusting the arc current 
passed at a target. Moreover, in order to increase the thickness of each class above to some extent, two 
kinds of targets may be made to discharge by turns. 

[0019] About the end mill which had various TiAIN film formed of the above-mentioned approach, the 
cutting trial on the following conditions was performed and the amount of edge-of-a-blade section wear 
was measured. 

<Cutting conditions> and **-ed material : SKD61 (HRC30) 

- Cutting speed : 30 m/min and delivery : 0.07mm / cutting edge, and infeed : 1mm (radial), 15mm 
(shaft orientations) 

- The cutting approach : the result of down cutting and an air blow cutting trial is shown in Table 1 with 
the lamination of each coat. In addition, what carried out the laminating of a TiAIN monolayer, and TiN 
and the TiAIN layer of the conventional technique for the comparison is shown in Table 1. 
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[0021] (Evaluation) As compared with the example (No. 1-1 1) of Table 1, and the example of a 
comparison (No. 12-15) Example No. of comparison 12 have few number of layerses than the number of 
specification of this invention, and, as for example No.of comparison 13, the thickness ratio has 
separated from the specific ratio of this invention. Example No.of comparison 14 are a TiAIN film 
monolayer, example No.of comparison 15 are TiN and a TiAIN cascade screen, these all are inferior in 
the thing of the example of a comparison as compared with the amount of edge-of-a-blade section wear 
of an example (mm), and it has become clear that the property with the good thing of an example is 
acquired. 

[0022] The laminating of the TiAIN film of a <example 2> low degree of hardness and a.high degree of 
hardness is possible also by changing the bias voltage at the time of coating periodically. In this case, 
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the thickness of each class can be adjusted by the change in time amount or an arc current which holds 
bias voltage uniformly. As a target, it is one kind of Ti0.5 aluminum0.5. Using the target which consists 
of a presentation, a cutting trial on the same conditions as an example 1 is performed about the end mill 
in which various TiAIN film was formed, and the result of having measured the amount of edge-of-a- 
blade section wear is shown in Table 2. What carried out the laminating of a TiAIN monolayer, and TiN 
and the TiAIN layer of the conventional technique is shown as an example of a comparison, (as common 
as an example 1) . 
[0023] 
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[0024] (Evaluation) As compared with the example (No. 1-5) of Table 2, and the example of a 
comparison (No.6-9), compare example No.of comparison 6, No. 7, and No.8. No. 8 are the thing of a 
TiAIN film monolayer, any the 1st layer bias voltage - the numeric value outside this invention 
specification it is - especially - said -- Example No.of comparison 9 are the thing of TiN and a 
TiAIN cascade screen, all of these examples of a comparison are inferior in the thing of the example of a 
comparison as compared with the amount of edge-of-a-blade section wear of an example, and it has 
become clear that the property with the good thing of an example is acquired. 
[0025] 

[Effect of the Invention] As mentioned above, while this invention was excellent in the adhesion of a 
base material, the multilayer mold hard anodic oxidation coatings which were very excellent in abrasion 
resistance were obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Abrasion resistance multilayer mold hard anodic oxidation coatings which are the abrasion 
resistance multilayer mold hard anodic oxidation coatings formed in a tool base material front face, and 
are characterized by for the coat which consists of chemical composition shown by two kinds of TiAIN 
(s), a low degree of hardness and a high degree of hardness, having adjoined by turns, and a laminating 
being carried out. 

[Claim 2] Abrasion resistance multilayer mold hard anodic oxidation coatings according to claim 1 
which the TiAIN layer of a low degree of hardness becomes from the chemical composition shown by 
Til-x Alx N 0. K=x<=0.4, and the TiAIN layer of a high degree of hardness becomes from the chemical 
composition shown by Til-x Alx N 0.4< x<=0.75. 

[Claim 3] Abrasion resistance multilayer mold hard anodic oxidation coatings according to claim 1 
which the TiAIN layer of a low degree of hardness is formed under the conditions of substrate bias 
voltage- 10--30V at the time of coating, and it comes to form under the conditions whose TiAIN layer of 
a high degree of hardness is substrate bias voltage-50-1 50V. 

[Claim 4] Abrasion resistance multilayer mold hard anodic oxidation coatings according to claim 1 to 3 

whose unit coat number of layers by which a laminating is carried out is ten or more layers. 

[Claim 5] Abrasion resistance multilayer mold hard anodic oxidation coatings according to claim 1 to 3 

whose thickness ratios of a low degree-of-hardness layer and a high degree-of-hardness layer are 5: 1 - 

1:10. 
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